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Abstract 



The ATLAS detector is used to search for high-mass states, such as heavy charged gauge bosons {W , W*), decaying 
- - - .to a charged lepton (electron or muon) and a neutrino. Results are presented based on the analysis of pp collisions at a 
^ 'center-of-mass energy of 7 TeV corresponding to an integrated luminosity of 36 pb~^. No excess beyond standard model 
expectations is observed. A W' with sequential standard model couplings is excluded at 95% confidence level for masses 
PsJ below 1.49 TeV, and a W* (charged chiral boson) for masses below 1.35 TeV. 



^> Although the standard model (SM) of strong and elec- 
troweak interactions is remarkably consistent with particle 
physics observations to date, the high-energy collisions at 
the CERN Large Hadron Collider provide new opportuni- 
i~~i.ties to search for physics beyond it. One extension com- 
^ mon to many models is the existence of additional heavy 
I gauge bosons [l[, the charged ones commonly denoted W. 
OnSuch particles are most easily searched for in their decay to 
^ ,a charged lepton (either electron or muon) and a neutrino. 
i_i ' In this letter, 7 TeV pp collision data collected with the 
^TLAS detector during 2010 and corresponding to a total 
integrated luminosity of 36pb~^ are used to supplement 
'current limits 0, d, 0, Q on aB (cross section times 
^\ 'branching fraction) as a function of W mass. A lower 
ilimit on the mass of a W boson in the Sequential Standard 
Model (SSM) ^ is also reported. In this model, the W 
fT^ )ias the same couplings to fermions as the SM W boson 
and thus a width which increases linearly with W mass. 
' Limits are also established for W* the charged part- 
. . ner of the chiral bosons described in m. Theoretical mo- 
K>" Itivation for such bosons is provided in [9| . The anomalous 
k>( '(magnetic-moment type) coupling of the W* leads to kine- 
5_] |matic distributions significantly different from those of the 
W' . To fix the coupling strength, a model with total and 
partial decay widths equal to those of the SSM W' with 
the same mass is adopted (lOl] . 

The analysis presented here identifies candidates in 
the electron and muon channels, sets separate limits for 
W'/W* ef and W /W* -> fii^, and derives combined 
limits assuming fiavor independence. The kinematic vari- 
able used to identify the W'/W* is the transverse mass 



(1) 



which displays a Jacobian peak that, for W' Iv, falls 
sharply above the resonance mass. Here pt is the lep- 
ton transverse momentum, E^^^^ is the magnitude of the 
missing transverse momentum (missing -Et), and ipi^ is the 



angle between the pt and missing Et vectors. Through- 
out this letter, transverse refers to the plane perpendicular 
to the colliding beams, longitudinal means parallel to the 
beams, 9 and ip are the polar and azimuthal angles with 
respect to the longitudinal direction, and pseudorapidity 
is defined as 77 = — ln(tan(0/2)). 

The main background to the W' and W* signals comes 
from the high-mx tail of SM W tv decay. Other back- 
grounds are Z bosons decaying into two leptons where one 
lepton is not reconstructed, W or Z decaying to r-leptons 
where the r subsequently decays to an electron or muon, 
and diboson production. These are collectively referred to 
as the electroweak (EW) background. In addition, there 
is a background contribution from tt production which is 
most important for the lowest W'/W* masses considered 
here where it constitutes about 20% of the background af- 
ter final selection. Other QCD background sources, where 
a light or heavy hadron decays semileptonically or a jet is 
misidentified as an electron, are estimated to be at most 
3% of the total background (with the uncertainty on this 
estimate less than 10% of the total background level). 

The ATLAS detector ll| has three major components: 
the inner (tracking) detector, the calorimeter and the muon 
spectrometer. Charged particle tracks and vertices are re- 
constructed with silicon pixel and silicon strip detectors 
covering \r]\ < 2.5 and transition radiation detectors cover- 
ing 1 77 1 < 2.0, all immersed in a homogeneous 2 T magnetic 
field provided by a superconducting solenoid. These are 
surrounded by a finely-segmented, hermetic calorimeter 
system that covers I77I < 4.9 and provides three-dimensional 
reconstruction of particle showers. It uses liquid argon 
for the inner electromagnetic compartment followed by a 
hadronic compartment based on scintillating tiles in the 
central region (|?7| < 1.7) and additional liquid argon for 
higher Outside the calorimeter, there is a muon spec- 
trometer with air-core toroids providing a magnetic field, 
whose integral averages about 3 Tm. Three stations of 
drift tubes and cathode strip chambers provide precision 
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measurements and resistive-plate and thin-gap chambers 
provide muon triggering capability and measurement of 
the ^p coordinate. 

Most of the data were recorded with highly efficient 
triggers requiring the presence of an electron or muon can- 
didate with pt > 20 GeV. Lower thresholds were used for 
the early data. 

Each energy cluster reconstructed in the electromag- 
netic compartment of the calorimeter with > 20 GeV 
and I77I < 2.47 is considered as an electron candidate if it 
loosely matches with an inner detector track. The electron 
direction is defined as that of the reconstructed track and 
its energy as that of the cluster. The intrinsic resolution of 
the energy measurement is about 2% at 50 GeV, improving 
to approximately 1% at 200 GeV. Electron candidates with 
clusters containing cells overlapping with the few problem- 
atic regions of the calorimeter readout are removed. This 
reduces the acceptance by 8%. 

Electrons are further identified based on lateral shower 
shapes in the first two layers of the electromagnetic part of 
the calorimeter and the fraction of energy leaking into the 
hadronic compartment. A hit in the first pixel layer is also 
required to reduce background from photon conversions 
in the inner detector material. These requirements give 
about 89% identification efficiency for electrons with Et > 
25 GeV and a 1/5000 probability to falsely identify jets as 
electrons before isolation requirements are imposed fl^. 

Muon tracks can be reconstructed independently in 
both the inner detector and muon spectrometer, and the 
muons used in this study are required to have matching 
tracks in both systems. The high-px resolution of the in- 
ner detector and muon spectrometer systems is sensitive 
to detector alignment. The muons used for this analysis 
are restricted to those which pass through the barrel part 
of the muon spectrometer, I77I < 1.05, where the muon 
spectrometer alignment is best understood, in particular 
using high-energy cosmic rays [l3l | . The momentum of the 
muon is obtained from the muon spectrometer and the 
average momentum resolution is currently about 20% at 
Pt = 1 TeV. Muons are required to have hits in all three 
muon stations to ensure this precise measurement of the 
momentum. About 80% of the muons in the barrel are 
reconstructed, with most of the loss coming from regions 
with limited detector coverage. 

For the electron channel, the missing Et is obtained 
from a vector sum over calorimeter cells associated with 
topological clusters [l3 |: 
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In the muon channel, most of the muon energy is not de- 
posited in the calorimeter and the missing Et is obtained 
from 
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transverse component of the energy deposited in the calo- 
rimeter by the muon which is included in both of the first 
two terms. The energy loss is estimated by integrating the 
amount of material traversed and applying a calibrated 
conversion from path length to energy for each material 
type. 

This analysis makes use of all the y/s — 7 TeV data 
collected in 2010 that satisfy data quality requirements 
which guarantee the relevant detector systems were op- 
erating properly. The integrated luminosity for the data 
used in this study is 36 pb~^ for each channel. The uncer- 
tainty on this estimate is 11% [l5| . 

The W' signal and the W/Z boson backgrounds are 



generated with Pythia 6.421 [16| using MRST LO* 
parton distribution functions (PDFs). The tt background 
is generated with MCQNLO 3.41_jl8i]. W* iv events 
are generated with CompHEP [ij^sing CTEQ6Ll[23 
PDFs followed by Pythia for parton showering and un- 
derlying event generation. For all samples, final-state pho- 
ton radiation is handled by Photos 21| and the propa- 
gation of particles and response of the detector are evalu- 
ated using ATLAS full detector simulation [22[ based on 
Geant4 0. 

The Pythia signal model used as a benchmark for W 
has V — A SM couplings but does not include interference 
between W and W . Decays to channels other than ev 
and /ii^, including ti^, ud, sc and tb, are included in the 
calculation of the W' and W* widths but are not explicitly 
included as signal or background. 

The W tu, W ^ tu and Z ^ U cross sections are 
calculated at next-to-next-to-leading order QCD (NNLO) 
using FEWZ [Hill with MSTW2008 PDFs For the 
W and Z ^ higher-order electroweak corrections (beyond 
the photon radiation included in the simulation) are cal- 

. In the high-mass region 



culated using Horace [27 



where the second term in this vector sum subtracts the 
muon transverse momentum and the last corrects for the 



of interest, the electroweak corrections reduce the cross 
sections, with the reduction increasing with mass. For 
mx > 750 GeV, the electroweak corrections reduce the 
W ^ Iv cross section by 6%. Electroweak corrections be- 
yond final-state radiation are not included for W' because 
the calculation for the SM W cannot be applied directly. 
The ti cross section is calculated at near-NNLO using the 
results from reference [29] and assuming a top-quark mass 
of 172.5 GeV. The signal and most important background 
cross sections are listed in Table [TJ Cross-section uncer- 
tainties for W iv and the W/Z [1^] and tt ^ back- 
grounds are estimated from PDF error sets, the difference 
between MSTW and CTEQ PDF sets, and standard vari- 
ations of renormalization and factorization scales. The 
uncertainties for the LO W* cross sections include 

only the contributions from the PDFs. 

Except for QCD and cosmic-ray contamination, ex- 
pected signal and background levels are evaluated with 
simulated samples and normalized using the aforemen- 
tioned cross sections and the integrated luminosity of the 
data. The same reconstruction and event selection are ap- 
plied to both data and simulated samples. 
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Table 1: Calculated values of aB for W , W* and the leading back- 
grounds. The value for it — > IX includes all final states with at least 
one lepton (e, /i or r). The others are exclusive and are used for 
both i = e and £ = fi. 







Mass 




Process 


Order 


[GeV] 


aB [pb] 






son 


1 7 9'^ 






t OU 


^ on 


W Iv 


NNLO 


1000 
1250 
1500 
1750 


0.837 
0.261 
0.0887 
0.0325 






500 


10.8 






750 


2.10 


W* -^£v 


LO 


1000 
1250 
1500 
1750 


0.559 
0.175 
0.0595 
0.0212 


W -^tv 


NNLO 




10460 


Z/7* ^ U 
{mz/-y<, > 60 GeV) 

tt^ IX 


NNLO 

Near- 
NNLO 




989 
89.4 



Events are required to have a primary vertex recon- 
structed from at least three tracks with px > 150 MeV and 
longitudinal distance less than 150 mm from the center of 
the colhsion region. Spurious tails in missing E^^ arising 
from calorimeter noise and other detector problems are 
suppressed by checking the quality of each reconstructed 
jet and discarding events where any jet has a shape in- 
dicating such problems (following Ref. (sij). Events are 
required to have exactly one candidate electron or one 
candidate muon, defined as follows. A candidate electron 
is one reconstructed with Et > 25 GeV, \ri\ < 1.37 or 
1.52 < < 2.40. A muon is considered a candidate if it 
has pt > 25 GeV, \ri\ < 1.05 and has matching tracks in 
the inner detector and muon spectrometer. In addition, 
the inner detector track associated with the electron or 
muon is required to be compatible with originating from 
the primary vertex, specifically with transverse distance of 
closest approach |ro| < 1 mm and longitudinal distance at 
this point \zq\ < 5 mm. 

The above requirements constitute the event preselec- 
tion criteria. To suppress the QCD background, the lep- 
ton is required to be isolated. In the electron channel, 
the isolation energy is measured with the calorimeter in a 
cone Ai? < 0.4 (Ai? = ^/{ArjfTJK^) around the elec- 
tron track and the requirement is ^ E^ < 10 GeV, where 
the sum excludes the core energy deposited by the elec- 
tron and is corrected to account for leakage of the electron 
energy outside this core. In the muon channel, the isola- 
tion energy is measured using inner detector tracks with 
> 1 GeV in a cone Ai? < 0.3 around the muon track. 



Table 2: Expected number of events from the various background 
sources in both decay channels for mx > 750 GeV, i.e. for W' /W* 
with a mass of 1500 GeV. The W ^ iv and Z ^ i£ entries include 
the expected contributions from the T-lepton. The uncertainties are 
statistical. 





ev 




W ^ 
Z ->■££ 
diboson 
tt 

QCD 

Cosmic ray 


0.145 ± 0.001 
0.0001 ± 0.0001 
0.011 ± 0.001 
0.003 ± 0.003 

onoi +°"°'* 

U.UUi _o.001 


0.43 ± 0.10 
0.11 ± 0.02 
0.01 ± 0.01 
0.05 ± 0.02 

02 +°-°^ 
0.006 ± 0.003 


Total 


0.159 


± 0.005 


0.62 


± 0.11 



The isolation requirement is J^Pt^ < ^-O^ Pt, where the 
muon track is excluded from the sum. The scaling of the 
threshold with the muon reduces efficiency losses due 
to radiation from the muon at high px- 

Finally, a missing Et threshold is applied to further 
suppress the QCD background. In both channels, a fixed 
threshold is applied: E^'^^ > 25 GeV. In the electron 
channel, where QCD jets may be misidentified as elec- 
trons, a scaled threshold is also applied: E^^^^ > 0.6 Et- 
Taken together, all the above constitute the final selection 
requirements. 

Figure [T] shows the px, missing Et, and mx spectra in 
both channels after final selection for the data, for the ex- 
pected background, and for three examples of W signals 
at different masses. The agreement between the data and 
expected background is good. Table [5] shows as an exam- 
ple how different sources contribute to the background for 
mx > 750 GeV, which is the region used to search for a 
W or W* with a mass of 1500 GeV. There are significant 
differences between the background levels in the electron 
and muon channels. The background from W ^ iv and 
tt is higher in the muon channel because of the worse mo- 
mentum resolution for high-px muons. The difference is 
even larger for the Z ^ II background because there is ad- 
ditionally a much larger chance that one lepton is lost due 
to the restricted acceptance in x]. The QCD background in 
the electron channel is less than that in the muon channel 
because of the tighter electron selection criteria: an isola- 
tion threshold that is not scaled with px and the addition 
of a scaled missing Et threshold. 

In the electron channel, four techniques are used to es- 
timate the QCD background level from data through the 
use of subsidiary samples which are disjoint from the anal- 
ysis region. In the "Inverted identification" technique, the 
distributions of the QCD background as a function of px, 
missing Et, or mx are estimated from events which pass 
relaxed identification criteria but fail the normal selection. 
The normalization is obtained by fitting the missing Et 
distribution plus the estimates for EW and tt to the ob- 
served data. The other techniques are described elsewhere: 
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Figure 1: Spectra of pT (top), missing E'y (center) and rviT (bottom) for the electron (left) and muon (right) channels after final event 
selection. The points represent ATLAS data and the filled histograms show the stacked backgrounds. Both direct production of leptons and 
indirect from r-leptons are included. Open histograms are W' signals added to the background with masses in GeV indicated in parentheses 
in the legend. The QCD background is estimated from data. The signal and other background samples are normalized using the integrated 
luminosity of the data and the NNLO (near-NNLO for tt) cross sections listed in Tabled 
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Figure 2: Estimated QCD background as a function of mT in the 
electron channel after final selection as obtained from the four data- 
driven methods (see text). The power- law fit to all four sets of results 
and its Icr uncertainty band are also shown. 



Figure 3: Estimated QCD background as a function of mx in the 
muon channel after final selection as obtained from the data-driven 
method (see text). The unbinned power- law fit to the data and its 
1(T uncertainty band are also shown. 



"Isolation tenmlates" [12], "Three control regions" ^3, 
"Matrix" 33|, |30| • Figure [2] shows the estimates obtained 



from all four techniques after final selection as a function 
of rriT along with the power-law fit to all four sets of results 
and its la uncertainty band. The extrapolation of this fit 
and uncertainty band provides the estimate of the QCD 
background level and uncertainty in the high-TOx region 
used for the limit calculations. 

The shape of the QCD background for the muon chan- 
nel is evaluated by starting with the muon preselection and 
replacing the isolation threshold with a range of values in 
the non-isolated region: 0.2 < J2Pt^/pt < The nor- 
malization of the QCD background is determined by fit- 
ting the resulting missing spectrum plus the EW and 
tt predictions from simulation to the data after final se- 
lection, excluding the missing Et threshold. The isolation 
range used to determine the shape is varied to determine 
the uncertainty in the prediction for the QCD background 
level. Figure [3] shows the predicted background level after 
final selection as a function of mx along with the unbinned 
power-law fit and its la uncertainty band. The range of 
rriT used for the fit is the one which gives largest values for 
the upper end of this band. The lower end of the uncer- 
tainty band corresponds to a negligible background level 
for all fits. The extrapolation of the fit and uncertainty 
band provides the QCD background level and uncertainty 
in the high-mx region used for the limit calculations. 

Cosmic rays can mimic the signal in the muon chan- 
nel if the muon is only reconstructed on one side of the 
detector. Most of this background is rejected by the re- 
quirement that the muon pass close to the primary vertex 
and the remainder is estimated by looking at the rate away 
from the vertex. The measured rate after final selection is 
less than 2% of the total background for any mx threshold 
relevant to this analysis. 

The data show no evidence for any excess above SM 
expectations and are used to set limits on aB for W' and 



W* production with the masses listed in Table [TJ The 
limits are evaluated using a single-bin likelihood analysis, 
i.e. by counting events with mx > 0.5 m\Y'/w- The 
expected number of events in each channel is 



esigiinto-S + Nhg, 



(4) 



where Lint is the integrated luminosity of the data sample 
and Esig is the event selection efficiency, i.e. the fraction 
of events that pass final event selection criteria and have 
mx above threshold. iVbg is the expected number of back- 
ground events. Using Poisson statistics, the likelihood to 
observe A^'obs events is: 

and this expression is used to set limits on aB. Uncer- 
tainties are handled by introducing nuisance parameters 
and multiplying by the probability density function (pdf) 
characterizing that uncertainty: 



CiaB,9i,...,9N) = CiaB)Y[g,ie,), 



(6) 



where gi{Oi) is the Gaussian pdf for nuisance parameter 
9i. The nuisance parameters are taken to be the explicit 
dependencies: Lint, Ssig and iVbg- Correlations between 
these are neglected. This is justified by the small effect 
that the nuisance parameters themselves have on the lim- 
its, as demonstrated below. 

The fraction of fully simulated signal events that pass 
final selection and are above mx threshold provides an ini- 
tial estimate of the expected numbers of events for each 
mass. Small corrections are made to account for differences 
between the kinematical distributions at NNLO (obtained 
from FEWZ) and those in the LO simulation. The largest 
correction is around 4%. Contributions from W' — tv 
with the T-lepton decaying leptonically have been neglected 
and would increase the W selection efficiencies by 3-4%. 



5 



The EW and tt background predictions are also ob- 
tained from full simulation, normalized to the integrated 
luminosity of the data. For the EW background, small cor- 
rections are again made to account for differences between 
kinematical distributions in LO simulation and higher or- 
der calculations, now using NLO MCFM 3J] because the 
present version of FEWZ does not provide reliable val- 
ues far from the resonance peak. The background level 
for each mass is obtained by adding the small QCD and 
cosmic-ray contributions to these values. 

The uncertainties on Ssig and A'bg account for exper- 
imental and theoretical systematic effects as well as the 
statistics of the simulation samples. The experimental sys- 
tematic uncertainties include efRciencies for lepton trigger, 
reconstruction, impact parameter and isolation as well as 
event vertex reconstruction. Lepton momentum and miss- 
ing i?T response, characterized by scale and resolution, are 
also included. Most of these performance metrics are mea- 
sured at relatively low and their values are extrapolated 
to the high-pT regime relevant to this analysis. The uncer- 
tainties due to these extrapolations are included but are 
too small to significantly affect the W' /W* limits. The 
uncertainties on the QCD and cosmic-ray background es- 
timates also contribute to A'bg. Theoretical systematic 
uncertainties arise from the calculation of cross sections 
and their kinematical distributions, lepton isolation, and 
the distribution of the ratio of neutrino to lepton which 
affects the scaled missing selection efficiency. 

Table |3] summarizes the uncertainties on the event- 
selection efficiencies and background levels for a W' signal 
with mw = 1500 GeV (i.e. for mx > 750 GeV). 

For Esig, most of the uncertainty in the electron chan- 
nel comes from electron identification except for the higher 
masses where the isolation leakage is also important. The 
total is less than 6% for all W /W* masses and has a 
negligible effect on the limit evaluation. The signal uncer- 
tainties are even smaller in the muon channel. For iVbg, 
the dominant uncertainties in the electron channel come 
from the electron energy scale and the cross-section cal- 
culation. For the muon channel, the simulation statistics 
followed by the uncertainties on the QCD background and 
cross-section calculation dominate. The first is large be- 
cause momentum smearing pushes events with low mx, 
and hence higher cross section, into the high-mx bins used 
in the limit evaluation. The cross-section uncertainties are 
large (around 8% in Table [3]) because it is the high-mass 
tail that is relevant to this analysis. 

Limits for 95% CL (confidence level) exclusion on aB 
for each W' and W* mass and decay channel are set using 
the likelihood function in Eq. \6\ as input to the estimator 
CLs = CLs+b/CLb [3^. The inputs for the limit calcu- 
lation are Lint, ^sig, -^bg, -^obs and the uncertainties on 
the first three. Except for Li^t and its uncertainty, these 
inputs are all listed in Table HI The table also lists the 
predicted numbers of signal events, A'sig, with their uncer- 
tainty including both that of Cgig and the cross-section cal- 
culation. The uncertainties on £sig, -^bg and A'sig account 



for all relevant experimental and theoretical effects except 
for integrated luminosity which is included separately to 
allow for the correlation between signal and background. 
The numbers of observed events are in good agreement 
with the expected numbers of background events for all 
mass bins in the electron channel and for the lowest bin 
in the muon channel. A discrepancy is observed in the 
muon channel for tox > 750 GeV where 5.48 muon events 
are predicted and none are observed, a result for which 
the Poisson probability is only 0.4%. However, the muon 
Pt spectrum in Fig. [T] shows no evidence of any discrep- 
ancy between data and predicted background at high px, 
confirming that, as expected, the muon efficiency remains 
stable at high px • 

Tableland Fig. 2] show the limits obtained from these 
values. The figure also shows the expected limits and the 
theoretical W /W* aB as a function of mx for both chan- 
nels and their combination. The intersection between the 
central theoretical prediction and the observed limits pro- 
vides the 95% CL lower limit on the mass. TableHlpresents 
the W and W* expected and observed mass limits for the 
electron and muon decay channels and for the combination 
of both channels. These limits increase by 5-10 GeV if the 
uncertainties on Ssig, iVbg and Lmt are neglected. For both 
channels, the effect of the Egig and A^bg uncertainties on the 
limits is small for the lowest-mx bin and negligible for the 
others. 

Limits on W' — > iv have been reported in many other 
experiments [H, [3, H, 0, S @] ■ Prior to this letter and the re- 
cent W' — fii' results from CMS \^ , the best limits in the 
high- mass region were reported by CDF [4] and CMS Q, 
both for W' ev. The CDF measurement was made with 
pp collisions at -^/s = 1.96 TeV using an integrated lumi- 
nosity of 5.3 fb-^ Both CMS resuhs were obtained at the 
same collision energy (y's = 7 TeV) and during the same 
run period as those reported here. The CMS limits were 
set using a Bayesian approach. Ref. Q also reports a com- 
bination of the CMS results in the two decay channels with 
an SSM W mass limit of 1580 GeV. Figure [5] compares the 
result presented here with the W' — ev result from CDF 
and the combination from CMS. The comparison is made 
using the ratio of the limit to the calculated value of aB, a 
quantity that is proportional to the square of the coupling 
strength. The NNLO cross sections in Table [1] are used for 
both the ATLAS and CMS points. 

In conclusion, the ATLAS detector has been used to 
search for new high-mass states decaying to a lepton plus 
missing i?x inpp collisions at y/s — 7 TeV using 36 pb~^ of 
integrated luminosity. No excess beyond SM expectations 
is observed. Limits on aB are shown in Figs. |4] and [5) 
A W with SSM couplings is excluded for masses below 
1490 GeV at 95% CL. The exclusion for W* with couphngs 
set in accordance with reference [l3| is 1350 GeV. The 
limits for W* are the most stringent to date. 
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Table 3: Relative uncertainties on the event-selection efficiency and background level for 
uncertainties are indicated in bold. The last row gives the total uncertainties. 



a W with a mass of 1500 GeV. The most important 





£sig 


Nh 


g 




ei' 








Missing Et scale 


0.1% 


0.1% 


1.1% 


3.4% 


Trigger efficiency 


1.0% 


0.7% 


1.0% 


0.7% 


Reco. and id. efficiency 


3.6% 


1.6% 


3.6% 


1.3% 


Isolation leakage 


2.7% 




3.4% 




Energy/momentum resolution 


0.1% 


0.4% 


2.4% 


3.1% 


Energy /momentum scale 


0.8% 


0.1% 


6.6% 


0.1% 


Correlated misalignment 




0.6% 




3.3% 


QCD background 






2.2% 


7.7% 


Monte Carlo statistics 


1.7% 


1.6% 


2.2% 


16.6% 


Cross section (shape/level) 


0.7% 


0.7% 


8.5% 


7.7% 


Isolation 


1.5% 


1.5% 


1.0% 


1.0% 


Other 


0.2% 


0.4% 


0.4% 


0.9% 


All 


5.3% 


3.0% 


12.6% 


20.7% 



Table 4: Inputs for the W' /W* — > iu crB limit calculations for an integrated luminosity of 36 pb^-'. The first two columns are the W' /W* 
mass and decay mode. The next four are the corrected signal selection efficiency, e^ig, and the prediction for the number of signal events, 
A^sig, obtained with this efficiency. The last two columns are the expected number of background events, W^g, and the immber of events 
observed in data, Nai,^. The uncertainties for Afgig and Af^g include contributions from the uncertainties in the cross sections but not from 
the integrated luminosity. 



m 
[GeV] 



decay 



W 



-Slg 



w* 



w 



w* 



obs 



500 


0.556 ± 0.024 
0.339 ± 0.008 


0.530 ± 0.022 
0.265 ± 0.005 


349 ± 30 
212 ± 17 


208 ± 18 
104 ± 8 


21.5 ± 2.0 
20.3 ± 1.1 


24 
16 


750 


0.565 ± 0.025 

0.362 ± 0.009 


0.520 ± 0.022 

0.257 ± 0.005 


65.8 ± 4.8 

42.1 ± 2.7 


39.6 ± 3.5 
19.6 ± 1.5 


4.05 ± 0.35 

5.48 ± 0.44 


6 




1000 


0.562 ± 0.025 
0.381 ± 0.010 


0.516 ± 0.022 
0.264 ± 0.006 


17.1 ± 1.4 
11.6 ± 0.9 


10.5 ± 1.0 
5.4 ± 0.5 


1.11 ± 0.11 
2.05 ± 0.25 


1 



1250 


0.552 ± 0.026 
0.386 ± 0.011 


0.505 ± 0.023 
0.255 ± 0.006 


5.23 ± 0.51 
3.66 ± 0.33 


3.22 ± 0.42 
1.63 ± 0.20 


0.400 ± 0.054 
1.01 ± 0.17 






1500 


0.530 ± 0.028 
0.383 ± 0.012 


0.488 ± 0.025 
0.252 ± 0.006 


1.71 ± 0.21 

1.24 ± 0.14 


1.06 ± 0.17 
0.54 ± 0.08 


0.159 ± 0.020 
0.62 ± 0.13 






1750 


0.503 ± 0.027 
0.360 ± 0.012 


0.482 ± 0.028 
0.254 ± 0.007 


0.59 ± 0.09 
0.43 ± 0.06 


0.37 ± 0.07 
0.20 ± 0.04 


0.069 ± 0.009 
0.47 ± 0.09 
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Figure 4: Limits at 95% CL for W (left) and W* (right) production in the decay channels W /W* — > eu (top), W'/W* — ^ fiu (center), 
and the combination of these (bottom). The solid lines show the observed limits with all uncertainties. The expected limit is indicated with 
dashed lines surrounded by la and 2cr shaded bands. Dashed lines show the theory predictions (NNLO for W', LO for W*) between solid 
lines indicating their uncertainties. The W' <tB uncertainties are obtained by varying renorinalization and factorization scales and by varying 
PDFs. Only the latter are included for W*. 
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Table 5: Upper limits on W' and W* crB. The first two columns 
are the mass and decay channel and the following are the 95% CL 
limits with headers indicating the nuisance parameters for which 
uncertainties are included: S for the event selection efficiency (Ssig), 
B for the background level (Af^g), and L for the integrated luminosity 
(Lint). Columns labeled SBL include all uncertainties and are used 
to evaluate mass limits. Results are given for the electron and muon 
channels and the combination of the two. 









95% CL Umit on aB [fb] 




mass 






W 






W* 




[GcV] 




none 


S 


SB 


SBL 


none 


SBL 




ev 


647 


649 


682 


795 


679 


834 


500 




625 


625 


640 


786 


799 


1005 




both 


413 


416 


444 


583 


473 


655 




ev 


390 


391 


393 


416 


423 


452 


750 




227 


228 


228 


248 


320 


350 




both 


186 


184 


188 


208 


232 


259 




ev 


199 


200 


200 


207 


217 


225 


1000 


PLV 


216 


216 


216 


226 


320 


326 




both 


108 


109 


109 


115 


133 


141 




ev 


149 


150 


150 


153 


163 


167 


1250 


IJLV 


213 


214 


213 


220 


323 


333 




both 


88 


88 


88 


91 


108 


112 




ev 


155 


156 


156 


159 


169 


173 


1500 


PLV 


215 


215 


215 


221 


327 


336 




both 


90 


90 


90 


93 


111 


115 




ev 


164 


163 


164 


168 


171 


175 


1750 


fIV 


229 


229 


229 


235 


324 


332 




both 


95 


96 


96 


98 


112 


115 



Table 6: Lower limits on W and W* masses. The first column is 
the decay channel {eu, /lu or both combined) and the following give 
the expected (Exp.) and observed (Obs.) mass limits. 





Mass limit [GeV] 




W 


W* 


decay 


Exp. Obs. 


Exp. Obs. 


ev 


1370 1370 


1260 1260 


^v 


1210 1290 


1020 1120 


both 


1450 1490 


1320 1350 



10" 



10' 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 




1 ' 


r -A- CDF W ^ ev 






: -■- CMS W ^ Iv , 




- 




ATLAS 






-•- W ^ Iv 






\/s = 7 TeV 






1 L dt = 36 pb"' 






< < 1 < < . 1 . . . 1 < . . 


1 , = 



400 600 800 1000 1200 1400 1600 1800 2000 

[GeV] 

Figure 5: Normalized cross section limits (o"iimit /'''thGory ) for W as 
a function of mass for this measurement and those from CDF and 
CMS. The cross section calculations assume the W' has the same 
couplings as the standard model W boson. The region above each 
curve is excluded at 95% CL. 
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B. Ghapleau*^, J.D. Ghapman^^, J.W. Ghapman8^ E. Ghareyre^^ D.G. Gharltoni^ V. Ghavda^^^ S. Gheatham^i, 

S. Ghekanov^ S.V. Ghekulaeyi^oa^ G.A. Ghelkov^^^^ M.A. Ghelstowska^os, G. Ghen^^, H. Ghen^^, L. Ghen^, S. Ghen^^^:, 

T. Ghen^^t:, X. Ghcn"^^ g_ Ghcng-^^a^ A. Ghcplakov^^, V.F. Ghepurnov^s, R. Gherkaoui El Moursli^^ee^ 

V. Ghcrnyatin24, E. Ghcu^, S.L. Ghcungi^o, L. Ghcvalieri^^, F. Ghcvallicri-''^ G. Ghicfariio^a.iosb^ p Ghikovani^i, 

J.T. Ghilders^*'', A. Ghilingarov^i, G. Ghiodini^^a^ j^py chizhov^^, G. Ghoudalakis'"'", S. Ghouridou^s, 

LA. Ghristidi^^ A. Ghristov^s, D. Ghromck-Burckhart^^, M.L. Chu^-'^^ J. Ghudobai^R, G. Giapettii33a,i33b^ ^ Giba^^, 

A. K. Giftci^^ R. Giftci^^ D. Ginca^s, V. Gindro^^^ M.D. Giobotani"'^^ G. CioccA^^'^''^^^ , A. Giocioi^, M. GirilliSS, 
M. Ciubancan^S'^, A. Glark^^, P.J. Glark^s, W. Glclandi24, J.C. Glcnicns**^^ g Glcmcnt^s^ G. Glcnicnti47a,i47b^ 
R.W. Gliffti30, Y. Goadou84, M. Gobali^s^-i^s^ A. Goccaro'™'^-^0'^, J. Gochran^^, P. Goo"^ J.G. Gogani44, 

J. Goggcshalli66, E. Gognerasl^^ G.D. Gojocaru^s, J. Golas"^, A.P. Golijni"^^ G. Gollard"^^ N.J. Collinsi^ 

G. Gollins-Tooth^^^ j_ CoUot^s^ G. Golon8^ R. Goluccia^2a,72b^ G. Gomunc^^, P. Gonde Muifio^^Sa^ p_ Coniavitis"^, 

M.G. Gonidi", M. GonsonniiO'l S. Gonstantincscu^Sa, C. Contai20a,i20b^ p Convcntii"''''^'''. J. Gook^^, M. Cooke", 

B. D. Goopcr^', A.M. Coopcr-Sarkar"9, N.J. Goopcr-Smith^f', K. Copic'^4^ Cornclisscir'^"''^""^'*, M. Gorradi^^'^, 
F. Gorrivcau^^'*, A. Gortes-Gonzalezi^^ G. Gortiana^o", G. Gosta'^"'\ M.J. Gosta^^s, D. Gostanzo"", T. Gostin^^, 

D. Cotc^^ R. Goura Torres^^a, L. Gourneyeai^°, G. Gowan^^ G. Gowdcn^^ B.E. Cox^^^ K. Granmerio^, 

F. Gresciolii23a,i23b^ jyj Cristinziani^", G. Grosctti^e^^^eb^ Grupi^2a,72b^ Crcpc-RenaudinSS, 

G. Guenca Almenar^^^ T. Guhadar Donszclnianni4", S. Cuneo'^°'''^°^ , M. Guratolo47, G.J. Gurtis^^, P. Gwetanski^^, 

H. Gzirr"^ Z. Gzyczula"^ S. D'Auria^^^ j^p D'Onofrio^^^ A. D'Orazioi33a433b^ A. Da Rocha Gcsualdi Mcllo^^^, 
P.V.M. Da Silva23^, G. Da Via*^^ W. Dabrowski^^, A. Dahlhoff^*, T. Dai8^ G. Dallapiccola^'\ S.J. Dallison^^o,*^ 
M. Dam-^^ M. Damcri^O'^'SOb^ D.S. Damianii^s, H.O. Danielsson^^, R. Dankersio*^, D. Dannheimi°o , V. Dao^'', 
G. Darbo^O'^, G.L. Darlea^^b, c. Daumio^^ J.P. Dauvergne ^9, W. Davey^^ T. Davideki27, N. DavidsonS^, 

R. Davidson'^i, M. Davies^'', A.R. Davison'^^, E. Dawe"^^ I. Dawson"°, J.W. Dawson^'*, R.K. Daya^^, K. De'^, 

R. de Asmundisi"'^'\ S. Dc Gastroi^^-i^*^, P.E. Dc Gastro Faria Salgado24, S. De Gecco^^, J. dc Graat^^, 

N. De Grooti°5, P. de Jongio^^ c. De La Taille"'^, H. De la Torre^i, B. De Lottoi^^^'i^^^ L. De Mora^^, 

L. De Nooijl°^ M. De Oliveira Branco^^, D. De Pedisi33a^ p Saintignon'5^ A. De Salvoi^sa^ u. De Sanctisi^^'^'i^^^ 

A. Dc Santo^-'^o, J.B. De Vivic Dc Rcgic"^^ g. Dcan"^^, D.V. Dodovich6^ J. Degcnhardt^^i, M. Delichar"^ M. Dcile^^ 

G. Del Papai65'^'i65'=, J. Del Peso^i, T. Del Pretei23a,i23b^ a. Dell'Acqua^^, L. Dell'Asta^o^'^o'^, M. Delia Pietrai°3a,ft^ 

D. della Volpei03a,i03b^ ^ Delmastro^s, P. Delpierre*^, N. Delruelle^^, P.A. Delsart5^ G. Deluca"^ S. Demersi^*5, 

M. Demichcv^s, B. Dcmirkoz", J. Dcng^^"*, S.P. Denisovi^s, D. Derendarz^^, J.E. Dcrkaouii^sd^ F. Derue'^^, 

P. Dervan^3^ K. Desch^o, E. Devetak"9, P.O. Deviveirosl5^ A. Dewhurst^^o, B. DeWilde"^, S. Dhaliwali^^, 

R. Dhullipudi24j, A. Di Giaccio^^^^'i^^'^, L. Di Giaccio^, A. Di Girolamo^s, B. Di Girolamo^s, S. Di Luise^^Sa.wsb^ 

A. Di Mattia^^ B. Di Micco^^, R. Di Nardoi34a,i34b^ A. Di Simonoi34a,i34b^ gipioi9a,i9b^ j^pA. Diaz-'^i^, 

F. Diblenisc, e.B. Diehl^s, H. Dietli°°, J. Dietriches, T.A. Dietzsch^*^, S. Diglio"^ K. Dindar Yagci^^, J. Dingfelder^o, 

G. Dionisii33a,i33b^ p oita^^a, S. Dita^^a, p. Dittus^^, F. Djama^"^ Djilkibaev^o^^ T. Djobava^i, M.A.B. do Vale^^a, 

A. Do Vallo Wcniansi25a^ T.K.O. Doan"*, M. DobbsS^ R. Dobinson ^s^*, D. Dobos'*^, E. Dobson^^, M. Dobsoni^^^, 
J. Dodd^''4, O.B. Doganisa,*, c. Doglioni"9, T. Doherty^s, Y. Doi^^^*, J. Dolejsii^^, L Dolenc^^ Z. Dolezal^^^, 

B. A. Dolgoshcin^^.*, T. Dohmae^^^, M. Donadelli^^b, M. Donega^^i, J. Doniniss, J. Dopke^^, A. Doria^o^a^ 
A. Dos Anjos"3^ M. Dosil", A. Dottii23a,i23b^ ^ j^^^gjo^ j p, Dowell", A.D. Doxiadisi"^, A.T. Doyle^^^ 

Z. Drasali27^ j Drees^^^, N. Dressnandt^^i^ H Drevermann^^, G. Driouichi^s, M. Dris^, J.G. Drohan^'^, J. Dubberti°°, 

T. Dubbs^^s^ g Dube", E. Duchovnii^^ G. Duckeck^^, A. Dudarev^^, F. Dudziak^*, M. Diihrssen ^9, LP. Duerdoth^s, 

L. Duflot"^ M-A. Dufour^^ M. Dunford29, H. Duran Yildiz^'', R. Duxfield"°, M. Dwuznik^^, F. Dydak ^9, 

D. Dzahini^s^ M. Duren52, W.L. Ebenstein44, J. Ebke99, S. Eckcrt^s, S. Eckweiler82, K. Edmonds^^^ G.A. Edwards^^ 

L Efthy^liopoulos^^ W. Ehrenfeld^S T. Ehrichioo, T. Eifert29, G. Eigeni^, K. Einsweiler", E. Eisenhandler^^^ 

T. Ekelofis^ M. El Kacimi^, M. Ellcrti67^ g piigg4^ p_ pninghaus^^ K. Ellis^^ N. Ellis29, J. Elmslieuser99, 

M. Elsing29, R. Ely", D. Emeliyanovi^o, R. Engelmann"9, A. Engl99, B. Epp^^ A. Eppig^s, J. Erdmann54, 

A. Ereditato^^, D. Eriksson"''^, J. Ernst\ M. Ernst^^, J. Ernwein^^^, D. Errede^^^, S. Errede^*'^, E. Ertel^^^ 

M. Escalier"^ G. Escobari^^, X. Espinal GuruU", B. Esposito'''^, F. Etiennc^'', A.L Eticnvrci^^^ e. Etzioni^"*, 

D. Evangelakou^'', H. Evans^^i, L. Fabbrii9a,i9b^ c. Fabre29, K. Facius^^, R.M. Fakhrutdinovi29, s. Falciano"3a^ 
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A. C. Falou"6, Y. Fang^^^^ Fanti^O'^-^o'^, A. Farbin^, A. Farilla^^Sa^ j_ Farley"^ T. Farooquei^^ S.M. Farrington"^, 
P. Farthouat^s, D. Fasching^'^^, P. Fassnacht^^, D. Fassouliotis^, B. Fatholahzadeh^^^, A. Favareto9°^'''°^, L. Fayard^^*^, 
S. Fazio36^'36b^ Febbraro^^^ P. Federic^^a^ q.L. Fedini^a, I. Fedorko^^, W. Fedorko^s, M. Fehling-Kaschek^s, 

L. Feligioni84, D. Fellmann^, C.U. Felzmann^^, C. Feng^^d, E.J. Feng^o, A.B. Fenyuk^^s, J. Ferencei^^b^ j pgrland^^, 

B. Fernandes^^^'^'*, W. Fernando^^o, S. Ferrag^^, J. Ferrando^^^, V. Fcrrara'^S A. Ferrarii^^ P. Ferrariio*^, 

R. Ferrarii20a^ A. Ferreri^^, M.L. Ferrer'''^, D. Ferrere^^, C. Ferretti^*, A. Ferretto Parodi^^^'^o'', M. Fiascaris^o, 
F. Fiedler^^^ a. Filipcic^"*, A. Filippas^, F. Filthautl°^ M. Fincke-Keelcri^", M.C.N. Fiolhais^^Sa.g^ Fiorini", 
A. Firan39, G. Fischer^i, P. Fischer ^o, M.J. Fisher"°, S.M. Fisher^o, J. Flammer^s, M. Flechl4^ I. Fleck"2, 
J. Fleckner^^ P. Fleischmanni^"*, S. Fleisch^lannl'^^ T. Flick"^^ L.R. Flores Castillo^^^^ Flowerdew^oo, 

F. Fohlisch''^*^, M. Fokitis^ T. Fonseca Martini^ D.A. Forbush"^ A. Formica^^?^ ^ Forti^^ D. Fortini^O'^, 
J.M. Fostcr»'\ D. Fournierii<5, A. Foussat^^, A.J. Fowler^^, K. Fowleri^s, H. Fox^^, P. Francavillai23a,i23b^ 

S. Franchinoi20aa20b^ p prancis^^, T. Frank^^^ M. Franklin^^, S. Franz^^, M. Fratcrnalii20a,i20b^ Fratina^^i, 
S.T. French27, R. Froeschl^^, D. Froidovaux^^, J.A. Frost^"^, C. Fukunaga^'", E. Fullana Torrogrosa^s, J. Fuster^^^^ 

C. Gabaldon29, O. Gabizoni^^ T. Gadfort^^ S. Gadomski^^, G. Gagliardi^^^'SOb^ p_ Gagnoi/'\ C. Galca^^ 

E.J. Gallas"9, M.V. Gallas^^, V. Gallo^^ B.J. Gallopi^o, R Gallusi^e, E. Galyacv^o, K.K. Gan"o, Y.S. Gao^^^^'', 
V.A. Gapicnko^^^, A. Gaponcnko^'*, F. Garborson^^^, M. Garcia-Scivcrcs^^, C. Garcia^^^, J.E. Garcia Navarro'*^, 
R.W. Gardner^", N. Garelli^^, H. Garitaonandia^^^^ Y_ Garonnc^^, J. Garvcy^^, C. Gatti^^, G. Gaudio^^oa^ 

0. Gaumer^s, B. Gaur^^a. L. Gauthicri^^ I.L. Gavriknko'^^ C. Gay^^o, G. Gaycken^", J-C. Gaydc^o, E.N. Gazis^ 

P. Ge32d, C.N.P. Gcci-^", D.A.A. Gcc^tslo^ Ch. Gcich-GimbcP", K. GcUcrstcdti^^a.^Tb^ G. Gcmmc'"^"'\ A. Gemmell^^ 

M.H. Gencst^^ S. Gcntilci-^^'^-i-^'"''', M. Gcorgc^^^ S. Gcorgc^^^ P. Gcrlach^^^ A. Gcrshoni-'^^^ C. Gcweniger^^**, 

H. Ghazlanci36b^ p Qh^z^. N. Ghodbanc'''-\ B. Giacobbci»'\ S. Giagui'"'-''''^'!'''-'''^, V. Giakoumopoulou^ 

V. Giangiobbci23a,i23b^ p Giariotti2», B. Gibbard^^ A. Gibsoni'"^'', S.M. Gibson^o, G.F. Gicraltowski'l L.M. Gilbert"^, 

M. Gilchricsci^, V. Gilcwsky^^ D. Gillberg^s, A.R. Gillniani^", D.M. Gingrich^''', J. Ginzburg^''^'^, N. Giokaris^ 

R. Giordanoi"^''^'!"''''^, F.M. Giorgil^ P. Giovanniniio", P.F. Giraud^^^^ D. Giugni""^, P. Giusti^^^, B.K. Gjelsten"^, 

L.K. Gladilin^^ C. Glasman^i, J. Glatzcr^^, A. Glazov^i, K.W. Glitzal^^ G.L. Glonti'^'\ J. Godfrey^'^^^ 

J. Godlewski29, M. Goebel^i, T. Gopfcrt^^, C. GoeringerS^, C. G6ssling42, T. Gottfert^oo, S. Goldfarb^*, D. Goldin^^, 

T. GoUingi^^^ Golovniai29, A. Gonicsi25a,&^ p.S. Gomez Fajardo^i, R. Goncalo^^ 

J. Goncalves Pinto Firmino Da Costa'*^, L. Gonella^", A. Gonidec^^, S. Gonzalcz^^'', S. Gonzalez de la Hoz^''^, 
M.L. Gonzalez Silva^^, S. Gonzalcz-ScviUa^", J.J. Goodson^^Q, L. Goossens^'^ P.A. Gorbounov^e, H.A. Gordon^^, 

1. Gorelovl°^ G. Gorfinei^^^ B. Gorini^^, E. Gorini72a,72b^ ^ Gorisek^^^ E. Gornicki^s, S.A. Gorokhovi^s, 
V.N. Goryachevi29, B. Gosdzik^i, M. Gosselinkio^^ M.I. Gostkin^s, M. Gouanere'*, I. Gough Eschrichi^^, 
M. Gouighrii-''6a^ p, Goujdamii^sa^ M.P. Goulette'*^ A.G. Goussioui^a, C. Goy^, I. Grabowska-Boldi64J, 

V. Grabski"^ P. Grafstrom^s, C. Grah"^^ K-J. Grahn^^s, p. Grancagnolo^^a^ g_ Grancagnolol^ V. Grassi"^ 

V. Gratchevi22^ ^ Grau^*, H.M. Gray^^, J.A. Gray"^ E. Graziani^^Sa^ q.G. Grebenyuki22, D. Greenfield^^o^ 

T. Greenshaw^^^ 2.D. Greenwood^^ J , I.M. Gregor^i, P. Grenieri44^ p. Griesmayer^e, J. Griffiths!-''", N. G^igalashvili^^ 

A.A. Grilloi38, s. Grinstein", P.L.Y. Gris^^, Y.V. Grishkevich^s, J.-F. Grivaz"^ J. Grognuz^^, M. Grohio°, 

E. Gross^''^, J. Grosse-Knetter54, J. Groth-Jensen^o, M. Gruwe^^, K. Grybel"^^ V.J. Guarino^, D. Guesti^*5, 

C. Guicheney33, A. Guida^2a,72b^ Guillemin^, S. GuindonS^, H. GulerSe.'^, J. Guntheri^e, B. Guo^^^, J. Guo^^, 
A. Gupta^o, Y. Gusakov<^5^ V.N. Gushchini^s, A. Gutierrez^*, P. Gutierrezii^, N. Guttmani54, 0. Gutzwilleri^^^ 

C. Guyoti37, C. Gwenlan"9, C.B. Gwilliam^^^ A. Haas^^^, S. Haas^^, C. Haber", R. Hackenburg^*, H.K. Hadavand^^, 

D. R. Hadlcyi^ P. Hacfncrio", F. Hahn^^, S. Haider^s, Z. Hajduk^s, H. Hakobyan^^^ J. Hallcr'^^^ p; Hamachcri^^^ 
P. Hamali", A. Hamilton's, S. Hamiltoni^s, H. Ran^^^, L. Ran^^^, K. Hanagaki"^ M. Hance^^i, C. Handel^^^ 

P. Hankers*, C.J. Hanseni67, j.R. Hansen^^, J.B. Hansen^^, J.D. Hansen^s, P.H. Hansen^s, P. Hansson"^, K. Hara^^^S 

G. A. Ha^el-^^ T. Harenbergl'^^ D. HarperS^ R.D. Harrington^i, Q.M. Harris^-''", K. Harrison", J. Hartert''^ 

F. Hartjesi°6, T. Haruyama6^ A. Harvey^e, S. Hasegawa^o^ Y. Hasegawa^i, S. Hassanii37, M. Hatches, D. Hauffi°°, 
S. Haugl^ M. Hauschild^s, R. Hauser^^, M. Havranek^o, B.M. Hawes"^, CM. Hawkes^'', R.J. Hawkings^", 

D. Hawkinsi^"*, T. Hayakawa^^^, D Hayden^^^ jj.S. Hayward^^^ gj_ Haywood^o, E. Hazcn^i, M. He^^^, S.J. Head^^, 
V. Hedbergso, L. Heelan^ S. Heim^s, B. Heinemann", S. Heisterkamp^s, L. Helary', M. Heldmann's, M. Heller"^ 
S. Hellmani47a,i47b^ q Helsensi\ R.C.W. Henderson^^, M. Henke^^'*, A. Henrichs^', A.M. Henriques Correia^^, 

S. Henrot-Versille"*^, F. Henry-Couannier*''*, C. Hensel^"*, T. Henfii^'\ Y. Hernandez Jimenczi^s, R. Herrberg^^, 
A.D. Hershenhorni53, G. Herten's, R. Hertenberger^^, L. Hervas^^, N.P. Hesseyi°^ A. Hidvegi"^^, 

E. Hig6n-Rodriguezi68, D. Hill^'*, J.C. HilP^, N. Hill^ K.H. Hiller'i, S. Hillert^o, S.J. Hillieri^, I. Hinchliffe", 

E. Hinesi2i, M. Hirosei", F. Hirsch42, D. Hirschbuehli^^ J. Hobbs"9, N. Hodi54, M.C. Hodgkinson^'o, P. Hodgson^o, 
A. Hoecker29, M.R. Hoeferkampi°4, j. Hoffman^", D. Hoffmann^', M. Hohlfeld^^ M. Holderi42, A. Holmes"", 
S.O. Holmgreni47a, T. Holy"^, J.L. Holzbauer^", Y. Homma^^, L. Hooft van Huysduyncni"", T. Horazdovskyi^s, 
C. Horni44, S. Horner48, K. Horton"", J-Y. Hostachy^^ T. Hott^"", S. Hou^^^^ M.A. Houldcn^^^ a. Hoummada"6a, 
J. Howarth83, D.F. Howell"", I. Hristova *\ J. Hrivnac"^, I. Hruskai^e, T. Hryn'ova^ P.J. Hsu"^, S.-C. Hsu", 
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G.S. Huang"^ Z. Hubaceki^s, p. Hubaut^"*^ p_ Huegging^o, T.B. Huffman"^ E.W. Hughes^^, G. Hughes^\ 
R.E. Hughes-Jones^^, M. Huhtinen^^, P. Hurst^'^, M. Hurwitz", U. Husemann^^ N. Huseynov^^'', J. Huston^^, 
J. Huth^^, G. lacobucci'^^^'^, G. lakovidis^, M. Ibbotson^^, I. Ibragimov^^^, R. Ichimiya^^, L. Iconomidou-Fayard^^^, 
J. Idarraga"^ M. Idzik^^, R lengoi^^^'^^^'^, O. Igonkinai^^, Y. Ikegami^e, M. Ikeno'^^ Y. Ilchenko^^, D. Iliadisi^^, 

D. Imbault^^, M. Imhaeuser^^'S, M. Imorii^^^ in(.g20^ j inigo-Golfin^", R loannou^, M. lodice^^a^ g. lonescu"*, 
A. Irles Quilesi^s, K. Ishii^^, A. Ishikawa^^, M. Ishino*5^ R. Ishmukhametov^^, C. Issever"^, S. Istin^^^, Y. ltoh^°^, 
A.V. Ivashini29, W. Iwanski^^, H. Iwasaki^e, J.M. Izen^^, V. Izzo^^^a^ g Jacksoni^i, J.N. Jackson^^^ R Jacksoni-*", 
M.R. Jaekeps, V. Jain^i, K. Jakobs^^, S. Jakobsen^s, J. Jakubek^^s, D.K. Jana"^, E. Jankowskii^s, E. Jansen^^ 

A. Jantschi°°, M. Janus^o, G. Jarlskog^o, L. Jcanty", K. Jelcn''^^ I. Jen-La Plante^", R Jcnni^^, A. Jcrcmic'', P. Jez^^, 

S. Jezequel"*, M.K. Jha^S'', H. Ji"^^ W. Ji*^, J. Jia^^o^ y. Jiang^^b^ m. Jimenez Belenguer^i, G. Jin^^^^ S. Jin^^^, 

O. Jinnouchiiss, M.D. Joergensen^^, D. Joffe^^, L.G. Johansen^^, M. Johansen^'^'^''^'^'^'^^, K.E. Johanssoni^^^, 

P. Johanssoni^n, S. Johnert^i, K.A. Johns^, K. Jon-And"^'^-!'*^'^, G. Jones^^^ R.W.L. Jones^^, T.W. Joncs^^ 

T.J. Joneses, O. Jonsson^s, C. Joram^^ P.M. Jorge^^Sa,''^ j. Josephi"*, X. Ju^^i, V. Juraneki^e^ R Jussol62, 

V.V. Kabachcnkoi29, S. Kabana^^ M. Kaci^^s, A. Kaczmarska^s, P. Kadlocik'''^ M. Kado^i^ H. Kagan"o, 

M. Kagan-", S. Kaiser^™, E. Kajomovitzi^^^ g_ Kalininl'^^ L.V. Kalinovskaya^s, S. Kama^^ N. Kanaya^^e^ 

M. Kancdai-^6^ rp Kannoi^*, V.A. Kantserov^^, J. Kanzaki^^^ ^ Kaplan^^*^, A. Kapliy'^o, J. Kaplon^", D. Kar^s, 

M. Karagoz"^ M. Karnevskiy^i, K. Karr^, V. Kartvclishvili^i, A.N. Karyukhini^s, L. Kashif^^^l A. Kasmi^^, 

R.D. Kass"", A. Kastanasi'^ M. Kataoka", Y. Kataokai'"^^ E. Katsoufis^ J. Katzy^i, V. Kaushik^ K. Kawagoe^^, 

T. Kawamotoi-^^, G. Kawamura^^ M.S. Kayl"'f', V.A. Kazanin"'«, M.Y. Kazarinov^'-l S.I. Kazi«^ J.R. Kcates*^, 

R. Kcclcri^", R. Kchoe^^, M. Keil^'', G.D. Kckclidze^s, M. Kclly«'\ J. Kcnnody^^ C.J. Kenneyi44^ M. Kenyon^^, 

O. Kcpkai26, N. Kcrschcn^^ B.P. Kcrscvan^^^ g Korstcni^-\ K. Kcssokui''^^, C. Kcttoror^s, M. Khakzad^^, 

F. Khalil-zada"\ H. Khandanyan"'^, A. Khanov"'\ D. Kharchcnko'^^ A. Khodinoyi^s, A.G. Kholodcnkoi^s, 
A. Khomich^s^, T.J. Khoo^^ G. Khoriauli^", N. Khovanskiy6^ V. Khovanskiy^^^ ^ Khramov'^^ J. Khubua^i, 

G. KilvingW^^ ^ j^jjj^7^ j^j S_ j^ij^2^ p Q Kimi44^ S.H. Kim^^^, N. Kimurai^i, O. Kindi'\ B.T. King^-\ M. King^^, 
R.S.B. King"9, J. Kirki30, G.P. Kirschll^ L.E. Kirsch^^, A.E. Kiryuninio", D. Kisielcwska^^, T. Kittclnianni24^ 
A.M. Kiveri29, H. Kiyamura^^, E. Kladivai'*^'', J. Klaibcr-Lodcwigs''^, M. Klein^^^ U. Klein^^^ K. Kleinknecht^^^ 

M. Klemetti^e, A. Klicri^^ A. Klimentov^^, R. Klingcnbcrg42, E.B. Klinkby^s, T. Klioutchnikova^", RF. Kloki"^^ 
S. Klousio^ E.-E. Klugc^*^, T. Klugc^^^ p Kluit^o^ S. Kluthi™, E. Kncrmgcr*^^ J. Knobloch^^, E.B.F.G. Knoops*'^, 
A. Knue^^^ bj^_ j^o44^ Kobayashii-^^^ Kobol^^, B. Koblitz^^, M. Kociani44^ A. Kocnar"^^ p. Kodys^^^, 
K. K6neke29, A.C. Konigio^, S. Koenig82, S. Konig^s, L. Kopke^^ F. Koetsveldi°5, P. Koevesarki^o, T. Koffas^^, 
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